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(57) ABSTRACT

A semiconductor device comprising:

a first electrode;

a first semiconductor region of a first conductivity type; a
second semiconductor region of a second conductivity
type; a third semiconductor region of the second con-
ductivity type provided between the first semiconduc-
tor region and the second semiconductor region on the
first electrode and having a higher carrier concentration
of the second conductivity type than the second semi-
conductor region; a fourth semiconductor region; a fifth
semiconductor region; a sixth semiconductor region; a
seventh semiconductor region;

a gate electrode;

a gate msulating layer; and

a second electrode provided on the fifth semiconductor
region and the seventh semiconductor region.
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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING SEMICONDUCTOR
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from Japanese Patent Application NO. 2015-205661
filed on Oct. 19, 2015, the entire contents of which are
incorporated herein by reference.

FIELD

An embodiment described herein relates generally to a
semiconductor device and a method of manufacturing a
semiconductor device.

BACKGROUND

A reverse conducting insulated gate bipolar transistor
(RC-IGBT) 1s a semiconductor device used for power con-
version and the like. The RC-IGBT includes an IGBT and a
diode which are connected in reverse parallel. In the RC-
IGBT, a voltage oscillation may occur when the diode is
switched. The voltage oscillation may causes malfunctions
in other circuit elements connected to the RC-IGBT. For this
reason, 1t 1s desirable that the voltage oscillation be small.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing a part of a semicon-
ductor device according to an embodiment;

FIGS. 2A, 2B, and 2C are bottom views showing a part
of the semiconductor device according to the embodiment;

FIGS. 3A and 3B are sectional views showing steps of
manufacturing the semiconductor device according to the
embodiment;

FIGS. 4A and 4B are sectional views showing steps of
manufacturing the semiconductor device according to the
embodiment;

FIG. 5 1s a sectional view showing a part of a semicon-
ductor device according to a first modification of the
embodiment; and

FIG. 6 1s a sectional view showing a part of a semicon-
ductor device according to a second modification of the
embodiment.

DETAILED DESCRIPTION

Exemplary embodiments will be described below with
reference to the accompanying drawings.

The drawings are schematic or conceptual; and the rela-
tionships between the thickness and width of portions, the
proportions of sizes among portions, and the like are not
necessarily the same as the actual ones thereof. Further, the
dimensions and proportions may be 1illustrated differently
among drawings, even for identical portions.

Moreover, the same or corresponding elements n the
drawings and the following description are denoted with the
same reference numerals, and a repeated detailed description
1s omitted as appropriate.

An XYZ orthogonal coordinate system 1s used for
explaining the embodiment and each modification. Z direc-
tion (third direction) 1s defined as a direction from a collector
clectrode 40 to an emitter electrode 41. X direction (first
direction) is defined as a direction from an n™ type cathode

10

15

20

25

30

35

40

45

50

55

60

65

2

region 1 to a p™ type collector region 2. Y direction (second
direction) 1s defined as a direction perpendicular to the X
direction and the Z direction.

In the description, the symbols n™, n, and n~ and p™™, p~,
and p represent a relative level of an impurity concentration
of each conductivity type. That is, n™ represents a relatively
higher n type impurity concentration than n, and n~ repre-
sents a relatively lower n type impurity concentration than n.
In addition, p™™ represents a relatively higher p type impurity
concentration than p™, and p represents a relatively lower p
type impurity concentration than p~.

In implementing the embodiment and each modification
described below, the p type and the n type of each semi-
conductor region may be reversed.

A semiconductor device 100 according to an embodiment
will be described with reference to FIG. 1 and FIG. 2.

FIG. 1 1s a sectional view showing a part of the semi-
conductor devices 100 according to the embodiment.

FIGS. 2A, 2B and 2C are bottom views showing a part of
the semiconductor devices 100 according to the embodi-
ment.

The semiconductor device 100 may be, for example, a
reverse conducting insulated gate bipolar transistor (RC-
IGBT).

The semiconductor device 100 includes a diode region
110 and an IGBT region 120 as shown in FIG. 1. The diode
region 110 functions, for example, as a free wheel diode
(FWD).

The diode region 110 includes an n™ type (for example,
first conductivity type) cathode region 1 (first semiconductor
region), a p type (for example, second conductivity type)
anode region 3 (fifth semiconductor region), a p™ type anode
region 9, an electrode 20, and an insulating layer 21.

The IGBT region 120 includes a p™ type collector region
2 (second semiconductor region), a p type base region 6
(sixth semiconductor region), an n* type emitter region 7
(seventh semiconductor region), a gate electrode 30, and a
gate isulating layer 31.

Both of the diode region 110 and the IGBT region 120
include also a collector electrode 40 (first electrode), an n
type buller space 8 (eighth semiconductor region), an n~
type semiconductor region 4 (fourth semiconductor region),
and an emitter electrode 41 (second electrode).

The collector electrode 40 1s provided on a back side of
the semiconductor device 100.

The n™ type cathode region 1 1s provided on a part of the
collector electrode 40.

The p™ type collector region 2 1s provided on another part
of the collector electrode 40.

A p™7 type semiconductor region 3 (third semiconductor
region) 1s provided between the n™ type cathode region 1 and
the p* type collector region 2 on the collector electrode 40.

The n type buller region 8 i1s provided on the n™ type
cathode region 1, the p™ type collector region 2, and the p™™
type semiconductor region 3. A portion of the n type buller
region 8 may be provided to be aligned with the n™ type
cathode region 1, the p™ type collector region 2, and the p™™
type semiconductor region 3 in an X direction. That 1s, a
portion of the n type buller region 8 may be provided
between these regions.

An n~ type semiconductor region 4 1s provided on the n
type buller region 8.

A p type anode region 5 1s provided on the n~ type
semiconductor region 4 and 1s located above the n™ type
cathode region 1. The p™ type anode region 9 is selectively

provided on the p type anode region 5.
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The electrode 20 1s aligned with the p type anode region
5 1n the X direction. The insulating layer 21 1s provided
between the electrode 20 and each of the n™ type semicon-
ductor region 4, the p type anode region 5, and the p™ type
anode region 9.

A plurality of electrodes 20, p type anode regions 5, and
p” type anode regions 9 are provided 1n the X direction 1n the
diode region 110 and each of them extends in the Y
direction.

The p type base region 6 1s provided on the n~ type
semiconductor region 4, and is located above the p™ type
collector region 2. The n™ type emitter region 7 1s selectively
provided on the p type base region 6.

The gate electrode 30 1s aligned with the p type base
region 6 1n the X direction. The gate msulating layer 31 1s
provided between the gate electrode 30 and each of the n~
type semiconductor region 4, the p type base region 6, and
the n™ type emitter region 7.

A plurality of gate electrodes 30, p type base regions 6,
and n™ type emitter regions 7 are provided in the X direction
in the IGBT region 120 and each of them extends in the Y
direction.

The emutter electrode 41 1s provided on a surface of the
semiconductor device 100. The emitter electrode 41 1s on the
p” type anode region 9 and the n™ type emitter region 7, and
1s electrically connected to these semiconductor regions.

The gate msulating layer 31 1s provided between the gate
electrode 30 and the emitter electrode 41, and these elec-
trodes are electrically separated from each other.

The electrode 20 1s electrically connected to the ematter
clectrode 41. Because the electrode 20 1s electrically con-
nected to the emaitter electrode 41, a depletion layer extends
from the 1nsulating layer 21 to the n~ type semiconductor
region 4 when the semiconductor device 100 1s in an OFF
state and accordingly, the breakdown voltage in the diode
region 110 can be enhanced.

In the semiconductor device 100, the diode regions 110
and the IGBT regions 120 are alternately provided in the X
direction. This causes the n™ type cathode regions 1 and the
p”* type collector regions 2 to be alternately provided in the
X direction. The p™™ type semiconductor region 3 is pro-
vided between the n™ type cathode region 1 and the p™ type
collector region 2. Fach p™™ type semiconductor region 3 is
aligned with the p type anode region 5 1n the Z direction. A
part of the p™™ type semiconductor region 3 may be aligned
with the p type base region 6 1n the Z direction, as shown in
FIG. 1.

The p™ type semiconductor region 3 may be, for
example, between the n™ type cathode region 1 and the p™
type collector region 2 and extends in the Y direction, as
shown 1n FIG. 2A.

Alternatively, the p™™ type semiconductor region 3 may be
one of a plurality of p™™ type semiconductor regions 3
provided between the n™ type cathode region 1 and the p™
type collector region 2 1n the Y direction, as shown in FIG.
2B. In this case, the plurality of the p™™ type semiconductor
region 3 and portions of the n type buller region (or n type
regions) 8 are alternately provided 1n the Y direction.

Alternatively, a plurality of the p™™ type semiconductor
regions 3 may be provided between the n™ type cathode
region 1 and the p™ type collector regions 2 i the X
direction, as shown 1n FIG. 2C. In this case, the plurality of
p* " type semiconductor regions 3 and the portions of the n
type buller region 8 are alternately provided in the X
direction.

Moreover, a plurality of p™™ type semiconductor regions
3 may be provided 1n the X direction and the Y direction.
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In addition, lengths of the p™™ type semiconductor region
3 1n the X direction and the Y direction are desirably 40 um
Or more.

Now, the operation of the semiconductor device 100 will
be described.

When a voltage equal to or more than a threshold value 1s
applied to the gate electrode 30 1n a condition that a positive
voltage 1s applied to the collector electrode 40 relative to the
emitter electrode 41, the IGBT become an ON state. At this
time, a channel (inversion layer) 1s formed 1n a region near
the gate insulating layer 31 in the p type base region 6.
Electrons are injected into the n~ type semiconductor region
4 from the n™ type emitter region 7 through the channel.
Holes are 1njected into the n~ type semiconductor region 4
from the p* type collector region 2 and the p™™ type
semiconductor region 3. Then, when the voltage applied to
the gate electrode 30 becomes less than the threshold value,
the channel 1n the p type base region 6 disappears and the

GBT becomes an OFF state.

When the IGBT 1s in an OFF state and a positive voltage
(forward voltage) 1s applied to the emitter electrode 41
relative to the collector electrode 40, a forward current flows
in a diode included in the diode region 110. Then, when a
positive voltage (reverse voltage) 1s applied to the collector
electrode 40 relative to the emitter electrode 41, carriers
flowing in the diode region 110 are discharged from the
collector electrode 40 and the emitter electrode 41.

Examples of matenals for each element will now be
described.

The n* type cathode region 1, the p™ type collector region
2, the p™ type semiconductor region 3, the n~ type semi-
conductor region 4, the p type anode region 5, the p™ type
anode region 9, the p type base region 6, the n* type emitter
region 7, and the n type bufler region 8 include silicon,
silicon carbide, gallium nitride, or gallium arsenide as a
semiconductor material.

Arsenic, phosphorus, or antimony can be used as n type
impurities added to the semiconductor material. Boron can
be used as p type impurities.

The electrode 20 and the gate electrode 30 include a
conductive material, such as polysilicon.

The msulating layer 21 and the gate insulating layer 31
include an insulating material, such as silicon oxide.

The collector electrode 40 and the emitter electrode 41
include metal, such as aluminum.

Next, an example of a method for manufacturing the
semiconductor device 100 according to the embodiment will
be described with reference to FIG. 3 and FIG. 4.

FIG. 3 and FIG. 4 are sectional views showing steps of
manufacturing the semiconductor device 100 according to
the embodiment.

Firstly, a semiconductor substrate including an n type
semiconductor layer 8a and an n™ type semiconductor layer
da 1s prepared. Then, p type impurities are 1on-implanted
into a surface of the n~ type semiconductor layer 4a to form
a p type semiconductor region. Subsequently, a plurality of
openings OP which penetrate the p type semiconductor
region and reach the n~ type semiconductor layer 4a are
formed. A portion of the p type semiconductor region being
between the openings OP 1s corresponding to the p type
anode region 5, and another portion 1s corresponding to the
p type base region 6. Subsequently, an 1nsulating layer 1.1
1s formed on the inner walls of the openings OP and the
surface of the p type semiconductor region by thermal
oxidation as shown 1n FIG. 3A.

Next, a conductive layer 1s formed on the insulating layer

IL1. The conductive layer i1s etched back to recess its
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surface, and a plurality of electrodes separated each other are
formed accordingly. Some of the plurality of electrodes are
corresponding to each electrode 20, and the others are
corresponding to each gate electrode 30. Then, the p type
impurities are ion-implanted 1nto a part of a surface of the p
type anode region 5 to form the p™ type anode region 9. N
type impurities are 1on-implanted 1nto a part of a surface of
the p type base region 6 to form an n™ type emitter region 7.
This step 1s shown 1n FIG. 3B.

Next, an msulating layer 1.2 which covers the electrode
20 and a gate electrode 30 1s formed. Then, the msulating
layers IL1 and IL2 are patterned 1n a manner that the p™ type
anode region 9, the n™ type emitter region 7, and the
clectrode 20 are exposed. The exposed p™ type anode region
9, the exposed n™ type emitter region 7, and the exposed
clectrode 20 are then covered with a metal layer, so that the
emitter electrode 41 1s formed as shown 1n FIG. 4A.

Next, a back surface of the n type semiconductor layer 8a
1s ground until the n type semiconductor layer 8a becomes
a predetermined thickness. Then, the back surface of the n
type semiconductor layer 8a 1s ion-implanted with the n type
impurities and the p type impurities serially to form the n™
type cathode region 1, the p™ type collector region 2, and the
p*" type semiconductor region 3. Finally, a metal layer
which covers these semiconductor regions 1s formed to form
the collector electrode 40, resulting in the semiconductor
device 100.

Now, the action and eflfect according to the embodiment
will be described.

Firstly, movement of carriers 1n the diode region 110 in
switching of a voltage applied to the diode region 110 from
a forward direction to a reverse direction will be described.
When a reverse voltage 1s applied to the diode region 110,
the carriers accumulated 1n the n™ type semiconductor region
4 are discharged through the collector electrode 40 and the
emitter electrode 41. At this time, switching loss of the
semiconductor device 100 can be reduced by shortening a
time required to discharge the carriers (recovery time). For
reducing the switching loss, 1t 1s eflective to reduce an
amount of carriers 1njected ito the diode region 110 while
the forward current flows.

However, the reduction of the amount of injected carriers
causes a depletion layer to extend faster from a pn junction
plane which 1s between the n~ type semiconductor region 4
and the p type anode region 5 when a reverse voltage 1s
applied. When the depletion layer reaches the n™ type
cathode region 1, the faster the depletion layer extends, the
larger a voltage oscillation occurring between the collector
clectrode 40 and the emitter electrode 41 becomes.

Regarding the matters described above, the mventors of
the disclosure found out the following matters.

When the reverse voltage 1s applied to the diode region
110 and then the depletion layer extends from the pn
junction plane, the holes are injected from the collector
clectrode 40 side 1 the IGBT region 120. Because of the
injected holes, the extending speed of the depletion layer
near the n™ type cathode region 1 can be reduced.

On the basis of the perception described above, the
semiconductor device 100 according to the embodiment 1s
provided with the p™™ type semiconductor region 3. The p™
type semiconductor region 3 1s between the n™ type cathode
region 1 and the p™ type collector region 2 and has a higher
p type impurity concentration than the p™ type collector
region 2.

Providing the p™ type semiconductor region 3 allows
more holes to be 1njected into the diode region 110 from the
pT 7 type semiconductor region 3 when the reverse voltage is
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applied to the diode region 110 and the depletion layer
extends. As a result, the extending speed of the depletion
layer near the n™ type cathode region 1 can be reduced, while
enhancing a discharge speed of carriers near the pn junction
plane.

Moreover, by providing the p™™ type semiconductor
region 3, 1t becomes possible to reduce the extending speed
of the depletion layer near the n™ type cathode region 1 and
also reduce the switching loss of the IGBT.

This 1s because of the following reason.

When the p type impurity concentration of the p™ type
collector region 2 1s reduced, injection of the holes into the
IGBT region 120 1mn an ON state of the IGBT 1s reduced.
Accordingly, when the IGBT 1s turned off, a time to dis-
charge the carriers from the IGBT region 120 can be
shortened and the switching loss of the IGBT can be
reduced.

However, if the p type impurity concentration of the p™
type collector region 2 1s reduced 1n a condition that the p™™
type semiconductor region 3 i1s not provided, an amount of
the holes ijected from the IGBT region 120 1s reduced
when the reverse voltage 1s applied to the diode region 110.
That 1s, the voltage oscillation becomes larger when the
diode 1s switched.

In contrast, according to the embodiment, when the
reverse voltage 1s applied to the diode region 110, the holes
are injected from the p™™ type semiconductor region 3 even
when the p type impurity concentration of the p™ type
collector region 2 1s reduced. Accordingly, the voltage
oscillation can be reduced by the holes injected from the p™™
type semiconductor region 3, while the switching loss of the
IGBT 1s reduced by reducing the p type impurity concen-
tration of the p™ type collector region 2.

As described above, according to the embodiment, a
semiconductor device 1s provided which can reduce a volt-
age oscillation.

According to the embodiment, the voltage oscillation can
be reduced when the diode 1s switched, while reducing the
switching loss of both of the diode and the IGBT included
in the semiconductor device.

Moreover, the p™™ type semiconductor region 3 is aligned
with the p type anode region 5 1n the Z direction, so that the
holes can be injected efficiently from the p™™ type semicon-
ductor region 3 to the depletion layer extending from the pn
junction plane when the reverse voltage 1s applied to the
diode region 110. This can reduce the voltage oscillation
more when the diode 1s switched.

In addition, when the n™ type cathode regions 1 and the p™
type collector regions 2 are alternatively provided in the X
direction and the p™ type semiconductor region 3 is pro-
vided between each of these, as shown in FIG. 1, 1t 1s
possible to 1inject the holes from the both sides of the n™ type
cathode region 1 when the reverse voltage 1s applied to the
diode region 110. Accordingly, the voltage oscillation can be
reduced further more, while reducing the switching loss of
the semiconductor device.

First Modification

FIG. 5 1s a sectional view showing a part of a semicon-
ductor device 200 according to a first modification of the
embodiment.

As shown 1n FIG. §, a plurality of n™ type cathode regions
1 may be provided in each diode region 110 and the n™ type
cathode regions 1 and portions of an n type buller region 8
are alternatively provided in the X direction.

According to the modification, an area of the n™ type
cathode regions 1 in a diode region 110 can be reduced and
injection of electrons from a collector electrode 40 can be
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reduced when a forward voltage 1s applied to the diode.
Accordingly, a recovery time of the diode can be shortened
and switching loss of the semiconductor device can be
reduced.

As described above, there 1s a concern that a voltage
oscillation occurs when the recovery time 1s shortened.
According to the embodiment, however, it 1s possible to
reduce the voltage oscillation suitably. The modification,
accordingly, can reduce the switching loss of the semicon-
ductor device further more, while reducing the voltage
oscillation when the diode 1s switched.

Second Modification

FIG. 6 1s a sectional view showing a part of a semicon-
ductor device 300 according to a second modification of the
embodiment.

The invention according to the embodiment can be
applied to a semiconductor device which does not include an
clectrode 20 and an 1nsulating layer 21 in a diode region 110,
as shown in FIG. 6.

In the semiconductor device 300, a p type anode region 5
1s provided on an n~ type semiconductor region 4, and 1s
between each of gate electrodes 30 in the X direction. The
p* type anode region 9 1s selectively provided on the p type
anode region 5.

This modification also can reduce voltage oscillation
when the diode 1s switched while reducing switching loss of
the semiconductor device, as well as the semiconductor
device shown 1n FIG. 1.

The relative level of the impurity concentration among,
individual semiconductor regions in the embodiment and
cach modification described above can be checked using a
scanning electrostatic capacity microscope (SCM). In addi-
tion, the carrier concentration in each semiconductor region
1s regarded as the same as the impurity concentration that 1s
activated 1n each semiconductor region. Accordingly, the
relative level of the carrier concentration among individual
semiconductor regions can be checked using the SCM.

Moreover, the impurity concentration in each semicon-
ductor region can be measured by, for example, a secondary
1on mass spectroscopy (SIMS).

Specific configuration of each element, including the n™
type cathode region 1, the p™ type collector region 2, the n™
type semiconductor region 4, the p type anode region 3, the
p type base region 6, the n™ type emitter region 7, the n type
bufler space 8, the p™ type anode region 9, the electrode 20,
the insulating layer 21, the gate clectrode 30, the gate
insulating layer 31, the collector electrode 40, or the emitter
clectrode 41, may be appropriately selected from known
techniques by a person skilled in the art.

The embodiments explained above can be combined with
cach other to be carried out.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claiams and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What 1s claimed 1s:

1. A semiconductor device comprising;:

a first electrode;

a first semiconductor region of a first conductivity type

provided on a part of the first electrode;

10

15

20

25

30

35

40

45

50

55

60

65

8

a second semiconductor region of a second conductivity
type provided on another part of the first electrode;

a third semiconductor region of the second conductivity
type provided between the first semiconductor region
and the second semiconductor region on the first elec-
trode and having a higher carrier concentration of the
second conductivity type than the second semiconduc-
tor region;

a fourth semiconductor region of the first conductivity
type provided above the first semiconductor region, the
second semiconductor region, and the third semicon-
ductor region;

a fifth semiconductor region of the second conductivity
type provided on the fourth semiconductor region and
located above the first semiconductor region;

a sixth semiconductor region of the second conductivity
type provided on the fourth semiconductor region and
located above the second semiconductor region;

a seventh semiconductor region of the first conductivity
type selectively provided on the sixth semiconductor
region;

a gate electrode;

a gate msulating layer provided between the gate elec-
trode and each of the fourth semiconductor region, the
sixth semiconductor region, and the seventh semicon-
ductor region; and

a second electrode provided on the fifth semiconductor
region and the seventh semiconductor region.

2. The semiconductor device, according to claim 1, fur-

ther comprising:

an eighth semiconductor region of the first conductivity
type of which at least a part 1s provided between the
fourth semiconductor region and each of the first semi-
conductor region, the second semiconductor region,
and the third semiconductor region, and

wherein a carrier concentration of the first conductivity
type of the eighth semiconductor region 1s lower than
a carrier concentration of the first conductivity type of
the first semiconductor region and higher than a carrier
concentration of the first conductivity type of the fourth
semiconductor region.

3. The semiconductor device, according to claim 2,

wherein

a plurality of the third semiconductor regions are provided
between the first semiconductor region and the second
semiconductor region, and

the plurality of the third semiconductor regions and
portions of the eighth semiconductor region are alter-
nately provided in a second direction perpendicular to
a first direction being from the first semiconductor
region to the second semiconductor region.

4. The semiconductor device, according to claim 2,

wherein

a plurality of the first semiconductor regions are provided
in a first direction being from the first semiconductor
region to the second semiconductor region, and

the plurality of the first semiconductor regions and por-
tions of the eighth semiconductor region are alternately
provided 1n the first direction.

5. The semiconductor device, according to claim 1,

wherein

at least a portion of the third semiconductor region 1s
aligned with a portion of the fifth semiconductor region
in a third direction being from the first electrode to the
second electrode.

6. The semiconductor device, according to claim 1,

wherein
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a plurality of the first semiconductor regions, a plurality
of the second semiconductor regions, and a plurality of
the third semiconductor regions are respectively pro-
vided 1n a first direction being from the first semicon-
ductor region to the second semiconductor region,

the plurality of first semiconductor regions and the plu-
rality of second semiconductor regions are alternately
provided in the first direction, and

cach of the plurality of third semiconductor regions 1s
provided between each of the plurality of the first
semiconductor regions and each of the plurality of the
second semiconductor regions.

7. The semiconductor device, according to claim 1,

wherein

the first semiconductor region comprises a plurality of
semiconductor regions of the first conductivity type.

8. The semiconductor device, according to claim 1, fur-

ther comprising

a ninth semiconductor region of the second conductivity
type selectively provided on the fifth semiconductor
region.

9. The semiconductor device, according to claim 1,

wherein

the first semiconductor region, the fourth semiconductor
region and the fifth semiconductor region constitute a
diode, and the second semiconductor region, the fourth
semiconductor region, the sixth semiconductor region,
the seventh semiconductor region and the gate consti-
tute an insulated gate bipolar transistor.

10. A semiconductor device comprising:

a first electrode;

a 1irst semiconductor region of a first conductivity type
provided on a part of the first electrode;

a second semiconductor region of a second conductivity
type provided on another part of the first electrode;

a third semiconductor region of the second conductivity
type provided between the first semiconductor region
and the second semiconductor region on the first elec-
trode and having a higher carrier concentration of the
second conductivity type than the second semiconduc-
tor region;

a fourth semiconductor region of the first conductivity
type provided above the first semiconductor region, the
second semiconductor region, and the third semicon-
ductor region;

a 1ifth semiconductor region of the second conductivity
type provided on the fourth semiconductor region and
located above the first semiconductor region;

a sixth semiconductor region of the second conductivity
type provided on the fourth semiconductor region and
located above the second semiconductor region;

a seventh semiconductor region of the first conductivity
type selectively provided on the sixth semiconductor
region;

a gate electrode;

a gate imnsulating layer provided between the gate elec-
trode and each of the fourth semiconductor region, the
sixth semiconductor region, and the seventh semicon-
ductor region; and

a second electrode provided on the fifth semiconductor
region and the seventh semiconductor region,

wherein

at least a portion of the third semiconductor region 1s
aligned with a portion of the fifth semiconductor region
in a third direction being from the first electrode to the
second electrode.
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11. The semiconductor device, according to claim 10,
further comprising:
an eighth semiconductor region of the first conductivity
type of which at least a part 1s provided between the
fourth semiconductor region and each of the first semi-
conductor region, the second semiconductor region,
and the third semiconductor region, and
wherein a carrier concentration of the first conductivity
type of the eighth semiconductor region 1s lower than
a carrier concentration of the first conductivity type of
the first semiconductor region and higher than a carrier
concentration of the first conductivity type of the fourth
semiconductor region.
12. The semiconductor device, according to claim 10,
wherein

a plurality of the third semiconductor regions are provided
between the first semiconductor region and the second
semiconductor region, and

the plurality of the third semiconductor regions and
portions of the eighth semiconductor region are alter-
nately provided in a second direction perpendicular to
a first direction being from the first semiconductor
region to the second semiconductor region.

13. The semiconductor device, according to claim 10,

wherein

a plurality of the first semiconductor regions are provided
in a first direction being from the first semiconductor
region to the second semiconductor region, and

the plurality of the first semiconductor regions and por-
tions of the eighth semiconductor region are alternately
provided 1n the first direction.

14. The semiconductor device, according to claim 10,

wherein

a plurality of the first semiconductor regions, a plurality
of the second semiconductor regions, and a plurality of
the third semiconductor regions are respectively pro-
vided 1n a first direction being from the first semicon-
ductor region to the second semiconductor region,

the plurality of first semiconductor regions and the plu-
rality of second semiconductor regions are alternately
provided in the first direction, and

cach of the plurality of third semiconductor regions 1s
provided between each of the plurality of the first
semiconductor regions and each of the plurality of the
second semiconductor regions.

15. The semiconductor device, according to claim 10,

wherein

the first semiconductor region comprises a plurality of
semiconductor regions of the first conductivity type.

16. The semiconductor device, according to claim 10,

further comprising

a ninth semiconductor region of the second conductivity
type selectively provided on the fifth semiconductor
region.

17. The semiconductor device, according to claim 10,

wherein

the first semiconductor region, the fourth semiconductor
region and the fifth semiconductor region constitute a
diode, and the second semiconductor region, the fourth
semiconductor region, the sixth semiconductor region,
the seventh semiconductor region and the gate consti-
tute an insulated gate bipolar transistor.

18. A method of manufacturing a semiconductor device

comprising;

forming a structure comprising,

a first semiconductor region of a first conductivity type;
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a second semiconductor region of a second conductivity
type,

a third semiconductor region of the second conductivity
type provided between the first semiconductor region
and the second semiconductor region on the first elec-
trode and having a higher carrier concentration of the
second conductivity type than the second semiconduc-
tor region;

a Tourth semiconductor region of the first conductivity
type provided above the first semiconductor region, the
second semiconductor region, and the third semicon-
ductor region;

a fifth semiconductor region of the second conductivity
type provided on the fourth semiconductor region and
located above the first semiconductor region;

a sixth semiconductor region of the second conductivity
type provided on the fourth semiconductor region and
located above the second semiconductor region;

a seventh semiconductor region of the first conductivity
type selectively provided on the sixth semiconductor
region;

a gate electrode;

a gate imsulating layer provided between the gate elec-
trode and each of the fourth semiconductor region, the
sixth semiconductor region, and the seventh semicon-

ductor region;
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forming a first electrode and a second electrode, the
second electrode provided on the fifth semiconductor
region and the seventh semiconductor region.

19. The method, according to claim 18, further compris-

ng:

forming an eighth semiconductor region of the first con-
ductivity type of which at least a part 1s provided
between the fourth semiconductor region and each of
the first semiconductor region, the second semiconduc-
tor region, and the third semiconductor region, and

wherein a carrier concentration of the first conductivity
type of the eighth semiconductor region 1s lower than
a carrier concentration of the first conductivity type of
the first semiconductor region and higher than a carrier
concentration of the first conductivity type of the fourth
semiconductor region.

20. The method, according to claim 18, wherein

at least a portion of the third semiconductor region 1s
aligned with a portion of the fifth semiconductor region

in a third direction being from the first electrode to the
second electrode.
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